Abstract-This paper provides detailed discussions on the fabrication of aluminum doped silica preform using solution doping technique and modified chemical vapor deposition (MCVD). The porous core layer was deposited at 1750 0 C with 30cm in deposition length. The soot formed at the inlet and outlet segment of the deposited length is analyzed using SEM for soot size and BET for pore size distribution. Refractive index profile of the doped preform is measured using preform analyzer. The refractive index difference obtained at the outlet and inlet segments shows uniform distribution of Al 2 O 3 , in agreement with the pore size distribution.
I. INTRODUCTION
Rare earth (RE) doped optical fibers are nowadays in great demand for their potential applications in optical amplifiers and fiber lasers [1] . Erbium doped fiber amplifier being one of the earliest reported has gained very important usage in today's telecommunication since it provides new life to the optical fiber transmission [2] .Ytterbium-doped fiber lasers (YDFLs), has been used widely as the high power laser source since it can provide high beam quality compared to the laser diode, and provide excellent power conversion efficiency [3] .
In glass where network modifiers are absent, such as pure silica, a very rigid structure exists and there is a lack of non-bridging Si-O -groups. This makes the coordination of rare earth ions (e.g. Er 3+ ,Tm 3+ ) difficult and contributes to a lack of solubility, which leads to clustering in the glass [4] . To reduce the effect of clustering, Al 2 O 3 is a promising codopant in the rare earth doped fiber as it isolates the rare earth ions from each other in the glass network and prevents interaction among them and thus greatly reducing clustering [5] . However, a detailed discussion on the fabrication of aluminum doped silica fiber is only a few reported.
In this paper, we report and discuss the fabrication of Al 2 O 3 doped silica fiber using modified chemical vapor deposition (MCVD) and solution doping. The core layer (soot) was deposited at 1750 0 C with 30cm in deposition length. The soot size, pore size distribution and the preform relative refractive index profile (RIP) were measured for the inlet and outlet segment. The results show homogeneous distribution of the soot, with average pore size of 31 nm across both segments. This was supported by the RIP uniformity in both segments.
II. EXPERIMENTAL PROCEDURES
The fiber preforms are fabricated using MCVD equipment. A high quality silica tube (F300) with outer diameter (OD=25mm), and inner diameter (ID= 19mm) was mounted on the lathe as the initial step in the fabrication process. The inner surface of the substrate tube cleaned by several etching passes using sulfur hexafluoride (SF 6 ).The fabrication process was followed by deposition of silicon tetra-chloride (SiCl 4 ) and oxygen (O 2 ) to form the cladding layers (SiO 2 ) at high temperature (2120 0 C) and fully sintered into transparent glass. Next, is the deposition of porous core layer which consists of a mixture of SiCl 4 and O 2 that converted to silica soot particles (SiO 2 ) by an oxygen-hydrogen burner traversing along the length of the deposited tube. The deposition temperature for core layer is 1750 0 C with the flow of 70sccm to make the porous soot layer suitable for solution doping followed by heat treatment at 1800 0 C. Ethanolic solution was prepared using aluminum chloride hexahydrate (AlCl 3 .6H 2 O) and thulium chloride hydrate (TmCl 3 .H 2 O).The concentration of aluminum chloride is approximately 1.14M and thulium chloride is approximately 0.002M.Thulium chloride (TmCl 3 ) in this experiment is used as probe ion and its characteristic is not discussed in this paper. The substrate tube was removed from the lathe and vertically soaked in the solution for 90 minutes using our designed solution doping apparatus as shown in Figure1.The solution was drained out slowly with a flow rate of 0.08 cm 3 /min to avoid peeling off the soot. The impregnated soot layer was also dried for 60 minutes in a nitrogen stream at room temperature. Then, the substrate tube was remounted on the lathe and MCVD process resumed again.
Once the substrate tube is remounted back in the MCVD, the drying process was carried on with temperature ranged below 1000 0 C to remove excess OH -ions and residue of the solvents. Furthermore, the substrate tube was exposed to oxidation process at temperature of 1500 0 C with oxygen flow at 1000sccm.The porous layer experienced several sintering stages in the presence of O 2 and He at temperature ranged from 1800 0 C to 2000 0 C and fully sintered at high temperature 2200 0 C. The temperature in sintering progress is increased gradually to ensure the soot is sintered to transparent glass finely. At the end of the fabrication, collapsing was performed at 2200 0 C to obtain the solid preform. The obtained perform is scanned using perform analyzer to investigate the refractive index profile
In addition, another preform is prepared with the same parameters mentioned above but without soaking and collapsing processes to analyze the soot morphology and pore size distribution using SEM and BET respectively.
III. CHARACTERIZATION
In this experiment, SEM (FEI NovaNanoSEM 400 D7917) is used to study the characteristics of the soot layer deposited at 1750 0 C which provided information about particle sizes of the silica soot .Two samples were taken, each at the inlet (5cm) and the outlet (25cm) of the deposited length surface.
The Brunaur Emmet Teller (BET) was also used to characterize the porosity of the soot taken from the inlet and outlet segment. The BET analysis also gives insight to the pore size distribution [6] .
The obtained preform was then characterized by preform analyzer (Photon Kinetics P104) to show the refractive index profile (RIP) at inlet and outlet segment with fixed angle (0 degree). The RIP is useful to indicate the consistency of incorporation of the Al 2 O 3 across the core as well as a good approximation to a step profile.
IV. RESULT AND DISCUSSION
The SEM micrograph of the soot on the inside surface of a silica tube was observed at the inlet surface A (5cm) closest to the gas stream and at the outlet surface B (25cm) closest to the exhaust. The following figures (Figure 2) show the SEM micrograph for the soot layer (SiO 2 ) deposited at 1750 0 C. . From the Figures 2 (A) and (B) , it appears the particles (soot) have small size with relatively uniform through intermixed with certain number of different sized particles. The primary silica soot particles seen from the examined samples are approximately about 600nm in size with relatively similar soot network distribution in both inlet and outlet segments. According to [7] , the pure SiO 2 deposit soot is homogenous with finer network structure compared to other composed network such as SiO 2 +P 2 O 2 and SiO 2 +GeO 2 .
Furthermore, the BET surface area of the deposited soot was collected from the inlet and outlet segment to check the pore size distribution which can be seen in the Figure 3 and 4 clearly shows the major pore size acquired from the entire porosity distribution presence in tested segments .The pore size distribution is uniform across both segments. The pore size can be classified in the mesoporous range (2nm-50nm) with an average pore size of 31nm. According to [7] & [8] , SiO 2 layer is most suitable for using as a precursor during solution doping as the network homogeneity and pore size uniformity are superior compared to other compositions. Higher deposition temperature results in pores of small size and uniform size distribution which play significant role during solution impregnation to minimize the variations of the dopants distribution (e.g. Al 2 O 3 ) in the core layer of the fabricated perform.
The fabricated perform is also characterized in terms of the refractive index profile at the inlet and outlet segment as well. Since aluminum has a higher refractive index profile (RIP) than silica, the RIP across the perform core reflects the aluminum distribution and concentration. Al 2 O 3 doped Silica preform refractive index profile is measured in both inlet and outlet segment at angle 0 degree is shown in the Figures 6 and 7. As we can observe from the Figures 5 and 6 , the refractive index difference for inlet segment is n = 0.0079 and for outlet segment is n = 0.0076. Figure 7 illustrate the concentration Al 2 O 3 of in silica across the fabricated core (A). This figure is obtained from [9] which give molar refractive index dependence of 1.65 x 10 -3 /mol% (B). The incorporation of Al 2 O 3 into silica in term of concentration (mol %) can be deduced from the relationship between the refractive index of Al 2 O 3 and mol% graph as shown. and other dopants into the core region of silica perform. The silica soot particles has been studied and the way in which they are deposited at 1750 0 C on the substrate tube surface. Macroscopic features in the deposited soot layer have also been identified such as soot size and pore size distribution which verify the soot homogeneity and uniform pore size distribution in both inlet and outlet segments which lead us to assume relative homogeneity along the deposition length.
Al 2 O 3 refractive index profile is measured for the doped Silica preform. At the preform core indicates no 'central dip' in both segments with up to 5 mol% concentrations. The preform refractive index profile is relatively uniform in both segments as well. The result of this experiment is important to provide full information about solution doping procedures, parameters, and soot characteristics to improve the quality of the fabricated perform. 
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